Background: Insomnia is comorbid with internalizing and externalizing psychiatric disorders.
INTRODUCTION
Sleep difficulties have adverse consequences, including both negative physical and mental health outcomes (Morin & Jarrin, 2013) , Abbreviations: AAD, alcohol abuse or dependence; AIC, Akaike's information criteria; ASPD, antisocial personality disorder; FF, female-female; GAD, generalized anxiety disorder; MDD, major depressive disorder; MMMF, male-male and male-female; PRS, polygenic risk scores constituting a major public health concern. Approximately 6-10% of individuals meet diagnostic criteria for insomnia, yet as many as one in three adults report experiencing at least one main nighttime insomnia symptom from DSM-IV criteria (Morin & Jarrin, 2013; Ohayon, 2002; Roth, 2007) . Sleep disturbances are included within DSM criteria for internalizing disorders such as major depressive disorder (MDD) and generalized anxiety disorder (GAD) (American Psychiatric Association, 2013 (Gillespie et al., 2012) .
Although sleep items are not part of diagnostic criteria for externalizing disorders, such as alcohol abuse or dependence (AAD) or antisocial personality disorder (ASPD) (American Psychiatric Association, 2013) , individuals with these externalizing conditions often report disturbed sleep (Breslau et al., 1996; Johnson & Breslau, 2001; Kamphuis et al., 2013; Lindberg et al., 2003; Prescott, 2004; Semiz et al., 2008 ).
There is a large twin literature examining genetic and environmental contributions to insomnia and related disorders (Barclay & Gregory, 2013) , with current estimates indicating that insomnia is moderately heritable in adults (range: 0.25 to 0.57) (Gehrman, Byrne et al., 2011) . A recent paper by our group has shown the stability of genetic influences on insomnia symptoms across time and higher heritability for women in a large longitudinal adult sample (Lind et al., 2015) . Additionally, twin studies demonstrate that common internalizing (e.g., MDD, GAD) and externalizing (e.g., AAD, ASPD) disorders also have genetic influences, with moderate to high heritabilities (Kendler & Prescott, 2006) .
Although the heritability of insomnia and psychopathology has been established, and insomnia is comorbid with both types of disorders (Breslau et al., 1996; Ford & Kamerow, 1989; McCall, 2001; Roth, 2007) , there are a limited number of studies investigating genetic and environmental overlap between these phenotypes.
Prior studies have used multivariate twin modeling to examine shared genetic and environmental contributions between insomnia and internalizing psychopathology. Notably, Gehrman, Meltzer et al. (2011) demonstrated complete genetic overlap between insomnia and internalizing disorders (i.e., depression and overanxious disorder) in juvenile twins. In a young adult sample, Gregory et al. (2011) found substantial (but not complete) overlap between genes influencing sleep disturbance and those influencing anxiety and depression symptoms (genetic correlations [r A ] were 0.58 and 0.68, respectively). Another study in children found that anxiety was not correlated with sleep problems. However, the genetic correlation between sleep and depression was 0.64 (Gregory et al., 2006) . The remaining studies had mixed results, finding low or nonsignificant correlations/overlap between depression or anxiety and sleep (Gregory et al., 2004 (Gregory et al., , 2005 (Gregory et al., , 2009 Van den Oord, Boomsma, & Verhulst, 2000) .
Thus, the extant literature base on genetic overlap is small and there is some disagreement over the extent of overlap between insomnia and internalizing disorders. Most of the studies have been performed on children, and have not formally examined sex differences. Furthermore, only Gillespie et al. (2012) used a longitudinal model in adults, and no adult studies to date include externalizing disorders. We aimed to address these gaps in the literature using data from a large adult twin study where the heritability and longitudinal stability of insomnia symptoms has been shown (Lind et al., 2015) . Our sample has several noteworthy features: (1) longitudinal data on insomnia and psychiatric phenotypes; and (2) data on male, female, and opposite-sex twin pairs, allowing examination of sex differences. We examined etiologic overlap between insomnia symptoms and common internalizing (MDD and GAD) and externalizing (AAD and ASPD) psychopathology. We hypothesized that there would be significant genetic overlap between insomnia and both internalizing and externalizing disorders, but that this overlap would be larger in magnitude for internalizing psychopathology. We expected minimal environmental overlap between sleep and all disorders.
MATERIALS AND METHODS

Sample
Participants came from the Virginia Adult Twin Studies of Psychiatric and Substance Use Disorders (VATSPSUD) study of Caucasians (Kendler & Prescott, 2006) , ascertained from the birth certificatebased Virginia Twin Registry. This sample is described in detail elsewhere (Kendler & Prescott, 2006) . We utilized data from femalefemale (FF) and male-male and male-female (MMMF) twin pairs assessed at two separate interview waves (referred to as Time 1 and Time 2). Mean (SD) age at Time 1 was 29.3 (7.7) for FF and 35.1 (9.1) for MMMF. The average number of years between Time 1 and 2 was 5.11 (0.42) for FF, and 1.59 (0.73) for MMMF.
Zygosity was determined by discriminant function analyses using standard twin questions validated against DNA genotyping in 496 pairs (Kendler & Prescott, 1999) . The VATSPSUD contains data from approximately 7,500 twins, including both members of 3,084 pairs 
Measures
Insomnia measurement
Participants completed a shortened version of the Symptom Checklist-90 (SCL-90; Derogatis, Lipman, & Covi, 1973) at each wave, which uses a past month timeframe. These SCL items include three insomnia symptoms: trouble falling asleep, sleep that is restless or disturbed, and awakening in the early morning (note that these three items are the same as those included in the full SCL). All items were recorded on a 5-point Likert scale (response options ranging from "not at all" to "extremely") and summed to create a composite score (R = 0-12), which was reorganized into four categories (as done before; Lind et al., 2015) for analysis. The sleep items showed sufficient internal reliability across waves (Cronbach's alpha = 0.80). The mean (SD) collapsed insomnia symptom score was 1.16 (1.06) in this sample.
Assessment of psychiatric and alcohol use disorders
Prevalence of psychiatric and AAD was assessed via personal interview administered by trained mental health professionals who were blind to the status of the cotwin, using modifications of the SCID interview and DSM-III-R criteria (American Psychiatric Association, 1994; Spitzer et al., 1995) . For additional information on measures, see Kendler & Prescott (2006) . Past year MDD and GAD were assessed at multiple time points (referred to here as Times 1 and 2). A minimum duration of 2 weeks for MDD (as per DSM-III-R criteria; American Psychiatric Association, 1994), and 1 month for GAD (which is similar to 6 months; e.g., Kessler et al., 2005) , was required. Since sleep is part of diagnostic criteria for both disorders, we operationalized diagnostic status excluding the sleep items. Thus, individuals had to endorse five of eight remaining MDD symptoms or three of five remaining GAD symptoms, in order to be considered a case. A similar method has been used in other twin sleep overlap papers (Gehrman, Meltzer et al., 2011; Gregory et al., 2011) . We also utilized data from AAD (Times 1 and 2) and ASPD (only adult antisocial traits; assessed once).
Twin modeling
In the classic twin model, phenotypic variation is decomposed into additive genetic factors (A), which contribute twice as much to the correlations between MZ twins as they do for DZ twins, common environmental factors (C) which are the shared factors (e.g., parental attitudes, economic disadvantage) that make twins reared together more similar and contribute equally to the correlation between MZ and DZ twins, and individual specific environmental (E) sources, which reflect environmental experiences not shared by twins (e.g., divorce) and therefore contribute to differences between the twins. This component also includes random errors of measurement.
To test the degree to which the covariation between insomnia and psychiatric phenotypes is attributable to common etiological factors, we began by applying a series of bivariate Cholesky models (Neale & Cardon, 1992) . These models specify three latent factors (A1, C1, and E1) influencing both the psychiatric phenotype and insomnia and three factors (A2, C2, and E2) accounting for insomnia-specific influences. Insomnia symptoms were entered after the psychiatric phenotypes based on the temporal order of assessment (past year/lifetime for psychiatric disorders and past 30 days for insomnia).
For all phenotypes except ASPD (assessed once), we utilized two waves of data in a measurement model specifying a stable/shared latent liability to insomnia and internalizing (or externalizing) phenotypes across time. In contrast to a standard bivariate model, a measurement model allows separation of time-specific unique effects/measurement error from "true" individual-specific environmental effects. In these extended Cholesky decompositions, the factor loadings ( 1 and 2) were constrained to be equal across both time points for identification purposes. Note that for phenotypes with two waves of data, only measurement models are reported in the results 1 .
The bivariate model is reported for ASPD.
For all models (bivariate and longitudinal measurement), we began by testing for quantitative sex differences (i.e., the hypothesis that etiological contributions are equivalent in males and females) by constraining the estimates of A, C, and E to be equal across the sexes. The best-fit model was selected from these quantitative sex effect models, and we then tested for qualitative sex effects (i.e., whether or not the same genetic factors influenced liability to psychiatric phenotypes and insomnia for males and females, quantified by r g-psychiatric phenotype
and r g-insomnia ). Three models were compared to a saturated model (constraining r g-psychiatric phenotype to 1.0, constraining r g-insomnia to 1.0, and constraining both r g parameters to 1.0). Next, the best-fit full models (ACE) were further tested by examining nested submodels with reduced numbers of parameters (AE; CE). For the longitudinal models, we tested the significance of wave-specific genetic influences on each phenotype in a step-wise fashion (three models: psychiatric phenotype alone [A3 and A4], insomnia alone [A5 and A6], and both together). Finally, based on results from another study (Gehrman, Meltzer et al., 2011) , which showed complete genetic overlap between internalizing disorders and insomnia, we tested insomnia-specific genetic effects by setting the A2 parameter to zero. To evaluate model fit, a full information maximum likelihood approach for raw ordinal data was used as implemented in the freely available OpenMx software (Boker et al., 2011; Neale et al., 2003 ). Akaike's information criteria (AIC) was used to evaluate the different model fits. AIC is an information index balancing model-data misfit and model complexity (parsimony) (Akaike, 1987) .
RESULTS
Internalizing phenotypes
The correlations between insomnia and MDD were moderate (r s ranging from 0.38 to 0.50 for MZ pairs and 0.36 to 0.47 for DZ pairs). Similar estimates were found between insomnia and GAD, ranging from 0.36 to 0.49 (MZ) and 0.30-0.44 (DZ). Table 1 shows the longitudinal measurement models that were fitted for MDD and GAD. For MDD, all initial models were compared to the saturated model (Model I, top half of table). We began by testing for quantitative sex effects (Model II).
There was a significant deterioration in model fit, indicating the presence of a quantitative sex effect (i.e., parameter estimates are not equal for males and females, indicating that heritability may be different).
Models III-V tested for qualitative sex effects off of Model I. There was no evidence for qualitative sex effects on MDD only (III), insomnia only (IV), or both MDD and insomnia (V), as model fit did not deteriorate when constraining these parameters to 1. Following, we fitted submodels (AE, CE) off of Model V. The C parameter could be dropped without sacrificing model fit (Model VI), but the A parameter could not (Model VII). Next, we constrained the wave-specific genetic effects across phenotypes (Models VIII-X), comparing to the best-fit submodel (Model VI). Finally, we tested the significance of the insomnia-specific genetic parameter (A2; Model XI). A2 could not be dropped, as indicated by significant deterioration in model fit. Given that the E2 estimate was nearly zero in this model, we fit a final model constraining E2 to zero (Model XII), which did not change model fit. Thus, Model XII (Fig. 1 ),
an AE model allowing quantitative sex effects, without wave-specific genetic effects, and without a latent insomnia-specific environmental effect, was the best-fit MDD model. Qual, qualitative sex effect; quan, quantitative sex effect; (+) denotes that this sex effect was allowed to vary; (-) denotes that this sex effect was constrained; As MDD or As GAD , time-specific genetic effects for MDD or GAD; As Ins, time-specific genetic effects for insomnia; As Ins/MDD or As Ins/GAD , time-specific genetic effects for both MDD or GAD and insomnia; A 22 , insomnia-specific genetic effect; E 22 , insomnia-specific unique environmental effect; MDD, major depressive disorder; GAD, generalized anxiety disorder. a E 22 was fixed to zero in the MDD final model, since the parameter estimate was 0. Bold text indicates the best-fit model.
The results of model fitting for GAD are also shown in Table 1 (lower half). We followed the same modeling steps as MDD, beginning with the saturated model (Model I). Model V (no sex effects), was used to fit submodels. We were able to drop C (Model VI), but not A (Model VII).
Next, we tested wave-specific genetic effects across phenotypes (Models VIII-X), comparing to Model VI, and found that model fit did not significantly deteriorate in any of these models. In the final GAD model (Model XI), we constrained the insomnia-specific parameter (A2) to 0. Deterioration in model fit was not significant, making the best-fit GAD model an AE model with no sex effects, no wave-specific genetic effects, and no insomnia-specific genetic effects (Model XI; Fig. 2 ). All of the latent genetic influences on insomnia (48%) were shared with GAD. Of the 52% total latent environmental influences on insomnia, 38% overlapped with GAD.
Externalizing phenotypes
The correlations between insomnia and AAD were lower than for Table 2 shows longitudinal model results for AAD.
Model fitting was carried out similarly to internalizing disorders, using Model I (saturated) for comparison. There was a significant 
DISCUSSION
We sought to examine the degree to which the genetic and environmental influences on insomnia are shared with common internalizing and externalizing psychopathology. To our knowledge, this is the first paper utilizing longitudinal data to examine the shared genetic and environmental contributions to the common temporally stable aspects of insomnia and both internalizing and externalizing psychopathology in an adult sample. Overall, there are three main findings: (1) for internalizing disorders, significant genetic overlap was found for the longitudinally stable components, ranging from 56 to 100%; (2) for externalizing disorders, although less genetic overlap was found, the genetic contribution was not completely distinct, suggesting some Qual, qualitative sex effect; quan, quantitative sex effect; (+) denotes that this sex effect was allowed to vary; (-) denotes that this sex effect was constrained; As AAD, time-specific genetic effects for AAD; As Ins, time-specific genetic effects for insomnia; As Ins/AAD, time-specific genetic effects for both AAD and insomnia; A 22, insomnia-specific genetic effect. Bold text indicates the best-fit model. degree of shared genetic influence; and (3) greater latent environmental overlap was found for internalizing than for externalizing disorders.
Genetic overlap, internalizing disorders
For both sexes, over half (56% for females and 74% for males) of the estimated latent (stable across time) genetic influences on insomnia were shared with MDD. The large genetic correlations between our latent measures of insomnia and MDD (0.75 for females and 0.86 for males) are similar, although on the higher end, to observed estimates in other samples (Gehrman, Meltzer et al., 2011; Gregory et al., 2009 Gregory et al., , 2011 , suggesting that many of the genes influencing insomnia are shared with MDD. In contrast, there was complete overlap between latent genetic influences on insomnia and GAD (no sex effects), indicating that the same genetic architecture may be implicated. Complete genetic overlap of insomnia with overanxious disorder has been shown in youth using a trivariate Cholesky decomposition (Gehrman, Meltzer et al., 2011) , and we have extended this finding to adults. The longitudinal nature of our study extends existing evidence by examining latent effects and allows us to parse out measurement error, which results in more precise estimates of etiologic influences. Results suggest stability of the phenotypes over time in adults, which aligns with prior work in children (Gregory et al., 2009 ). The present findings highlight the large genetic covariance between the stable across time components of insomnia and MDD/GAD, indicating that we are likely indexing the genetic risk for internalizing psychopathology when examining insomnia's heritability.
The molecular genetics literature on insomnia is still in its infancy.
Our results suggest that gene-finding efforts for insomnia may benefit from targeted approaches that examine genetic variants associated with risk for MDD and GAD in addition to existing efforts to examine Qual, qualitative sex effect; quan, quantitative sex effect; (+) denotes that this sex effect was allowed to vary; (-) denotes that this sex effect was constrained; A 22, insomnia-specific genetic effect. Bold text indicates the best-fit model.
F I G U R E 4
Bivariate Cholesky decomposition, antisocial personality disorder (ASPD) and insomnia genes relevant to sleep-wake regulation (Gehrman, Byrne et al., 2011) .
GWAS studies of psychiatric phenotypes such as depression are more developed (Converge Consortium, 2015; Major Depressive Disorder Working Group of the Psychiatric Genomics Consortium, 2013), so testing of top hits with insomnia may prove useful. Moreover, it is likely that there are many genes that contribute a small effect (Gehrman, Byrne et al., 2011; Gehrman, Pfeiffenberger, & Byrne, 2013) suggesting the potential benefits of using polygenic risk scores (PRS) to further examine associations.
Genetic overlap, externalizing disorders
There was also evidence for genetic overlap between insomnia and both AAD and ASPD, although the overlap was not as high as for internalizing disorders: Approximately 1/5 of latent genetic influences on insomnia were shared with AAD and 23% of insomnia's observed heritability was shared with ASPD. To our knowledge, this work represents the first investigation into genetic overlap between insomnia and externalizing disorders, and allows us to reject the notion that the genetic component for insomnia is fully unrelated to the genetic risk for externalizing psychopathology. In a child twin study examining sleep and behavioral problems, no evidence for genetic overlap was found (Gregory et al., 2004) , while an adult study found genetic overlap between sleep quality and externalizing behaviors (e.g., aggression) (Barclay et al., 2011) . The extant literature has examined genetic overlap between many internalizing and externalizing disorders, finding that the genetic influences on both types of disorders are correlated (Kendler et al., 2011) and that much of their comorbidity can be attributed to genetic contributions (Kendler et al., 2003) .
Given this, along with comorbidity between substance use disorders and insomnia (Breslau et al., 1996) and relationships between sleep disturbance and ASPD (Lindberg et al., 2003; Semiz et al., 2008) , it is not unexpected that we find some degree of genetic overlap between insomnia and externalizing disorders. These results suggest that insomnia and externalizing disorders are related on a genetic level.
Similar to the discussion of internalizing psychopathology, above, research into externalizing disorders may also yield genes relevant to insomnia (via candidate genes, PRS), although likely to a lesser extent given the more modest genetic overlap. 
Unique environmental overlap
Limitations
Limitations to be considered include insomnia assessment, which was done subjectively through self-report using a limited number of sleep items, not by formal diagnostic status. However, the items are reflective of DSM-5 insomnia criteria (American Psychiatric Association, 2012) and are similar to phenotypes used in existing literature (Drake et al., 2011) . We have previously published using this phenotype (Lind et al., 2015) . Additionally, data were not available to examine other comorbid sleep disorders such as circadian rhythm disorders. Another important limitation is that MDD and GAD diagnoses were created by excluding sleep items from DSM criteria. Further, while the present study's longitudinal nature represents a strength, the time intervals between assessments were not equal across all groups. It should also be noted that phenotypes chosen to represent internalizing and externalizing disorders, while common and highly relevant to primary aims, are not all-encompassing. Finally, choice of directionality is a limitation; while study design did not allow for causal determination, we chose to order the psychiatric phenotype first, and this could be reversed.
Conclusions
This study adds to the growing literature examining etiologic overlap between insomnia and common psychiatric disorders by using longitudinal data in a large adult twin sample. Results indicated substantial genetic overlap in stable across time variation between insomnia and internalizing psychopathology and represent the first results for significant, although not complete, genetic overlap between insomnia and externalizing disorders. The significant genetic overlap suggests that individuals with a family history of internalizing, and to a lesser extent externalizing, disorders may also be at higher risk for insomnia (and vice versa), which can be used by clinicians to help identify individuals at risk. Further, these results suggest that treatment of psychopathology may have positive effects on sleep disturbances, and vice versa. These results can also serve as guidance for future genetic studies of insomnia, which are needed and should capitalize on improved sequencing techniques and utilize better insomnia phenotypes (a pervasive concern in the literature; Gehrman et al., 2013) .
Further, it will be important for future investigations to identify specific environmental contributions to insomnia, the nuances of differential response to current stressors, and the bidirectional nature of sleep concerns and internalizing disorders. Knowledge in these areas will help to better identify and treat the many patients who have, or may be at risk for developing, insomnia.
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